SUMMARY Serum sodium concentrations were measured in 93 children with pneumonia or bacterial meningitis on their admission to hospital. Hyponatraemia (sodium value 134 mmol/l or less) was present in 33 (45%) of the 73 children with pneumonia, and in 10 (50%) of the 20 children with bacterial meningitis. Increased secretion of antidiuretic hormone is common in children with pneumonia, as well as in children with meningitis. The maintenance fluid requirement in these children is usually about 50 ml/kg/per day, and children with hyponatraemia caused by water overload need even lower fluid intakes. In developing countries, most children with pneumonia and meningitis should be managed without intravenous fluid treatment.
In 1920 it was shown that many children with pneumonia retain water,' and soon afterwards this phenomenon was found to be associated with an increased blood volume and a low plasma chloride value.2 3 These findings are explained by the syndrome of inappropriate secretion of antidiuretic hormone, which has been described in children with pneumonia in three recent reports.46 The syndrome also occurs in children with meningitis.7 8 These children are unable to excrete a water load, and they may develop pulmonary or cerebral oedema if they are given intravenous fluid, even though the amount given is not excessive for a normal child of the same size.
All the standard paediatric textbooks refer to the danger of dehydration in pneumonia, but none of them mentions the risk of fluid overload.>i2 Most of the books, however, refer to the risk of fluid overload in meningitis.9-" Although pneumonia is one of the two commonest causes of death in children in the world,i3
there is very little information available on the incidence of increased secretion of antidiuretic hormone in children with pneumonia. The two papers and a letter quoted above report a total of only seven cases,'6 and none of these were prospective studies. It was not possible for us to measure serum antidiuretic hormone concentrations in Papua New Guinea. However, in an acutely ill child who has neither excessive sodium loss (for example from diarrhoea) nor excessive water intake (for example from intravenous administration of 5% dextrose), hyponatraemia is likely to be due to water retention secondary to increased secretion of antidiuretic hormone.14 In a prospective study, we measured the serum sodium concentrations in children with pneumonia or meningitis admitted to this hospital.
Patients and methods
We studied children aged over 28 days admitted to this hospital with pneumonia or bacterial meningitis between April and July 1979. Children with malnutrition or diarrhoea were excluded. Children with pneumonia had moderate to severe disease, with cough, intercostal retraction, and evidence of consolidation on chest radiograph. Bacterial meningitis was diagnosed if bacteria grew from the cerebrospinal fluid, the cerebrospinal fluid polymorph count was greater than 100/4d, or was greater than 20/pd with either a protein concentration in cerebrospinal fluid greater than 1-0 g/l (100 mg/100 ml) or glucose less than 2-2 mmol/l (40 mg/100 ml). The diagnosis, age, sex, haemoglobin, and serum sodium concentration were recorded for each child.
Both mother and child were admitted to the hospital, and they shared the same bed, so that breast feeding could continue. All children were treated with chloramphenicol or penicillin, or both. None of the children with pneumonia received intravenous fluids. Half the children with meningitis received about 50 ml/kg/per day of 4-3% dextrose in 0-18% saline intravenously as part of a randomised controlled trial (unpublished data). No diuretics or sodium supplements were given. The serum sodium concentration was measured again after six or more 963 days in hospital in 18 children who had had a serum sodium concentration of 134 mmol/l or less on admission.
Serum sodium concentrations were measured with an EEL flame photometer. Data analysis was performed using Statpro Statistical Workstation (Wadsworth Electronic Publishing Company, USA).
Results
The serum sodium was measured in 73 children with pneumonia and 20 children with meningitis ( Fig. 1 gitis was similar (Mann-Whitney U test, P=0-37). Forty five (50%) of the 90 children in whom the age was recorded were aged 1 to 5 months, 25 (28%) were aged 6 to 11 months, 14 (16%) were aged 12-23 months, and 6 (7%) were aged 24 months or more. All the children less than 24 months of age were breast fed. There was no significant correlation between the serum sodium concentration and age (Spearman's rank correlation coefficient 0-045, P=0-67) or haemoglobin (Spearman's rank correlation coefficient 0-084, P=0.43).
Forty three children had a serum sodium concentration of 134 mmol/l or less at the time of admission to hospital, and a repeat serum sodium was measured after at least six days in 18 of these (Fig. 2) . In every case, the serum sodium concentration had risen to 134 mmol/l or more, and the repeat values were significantly higher than the admission values (Wilcoxon matched pairs test, P<0-0002). It is likely that almost all the children in this study had a bacterial infection, since we selected children with bacterial meningitis and, in children admitted to Goroka Hospital, pneumonia is ususally caused by Haemophilus influenzae or Streptococcus pneumoniae.15 Thirty three (45%) of the 73 children with pneumonia, and 10 (50%) of the 20 children with bacterial meningitis had a serum sodium concentration of 134 mmol/l or less at the time of admission to hospital. We were not able to measure urine osmolalities or serum concentrations of antidiuretic The danger of fluid overload in children with bacterial meningitis is widely appreciated,t> but although the importance of fluid restriction is well recognised in neonates with lung disease, 16 and there have been several case reports of high concentrations of antidiuretic hormone in children over 28 days of age with pneumonia,"6 it has not been appreciated how commonly fluid restriction is indicated in pneumonia in childhood. Most of the standard English language textbooks of paediatrics suggest that an increased fluid intake may be needed in bacterial pneumonia, and none of them warn of the danger of fluid overload.9'2 A common mistake in managing children with meningitis or severe pneumonia is to assume that oliguria is due to dehydration, and for extra fluid to be given without excluding increased secretion of antidiuretic hormone, which requires fluid restriction. There is no evidence to support the belief that administration of oral or intravenous fluids will 'loosen the secretions' in pneumonia. Humidification of the air has been shown not to influence the duration of hospital admission of children with pneumonia, ' 
